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ABSTRACT
THE CONCEPTION AND DESIGN OF A
BUILDING SYSTEM OF INTEGRATED
BUILDING COMPONENTS IS THE SUB-
JECT OF THIS THESIS. THE CHARAC-
TERISTICS OF THE RESULTING BUILD-
ING SYSTEM STEM FROM THE SELEC-
TION OF CONCRETE AS THE STRUC-
TURAL MATERIAL, THE ACCEPTED
REQUIREMENT OF INTEGRATING
MECHANICAL SYSTEMS, ELECTRI-
CAL SYSTEMS, AND WET SYSTEMS
WITH THE STRUCTURAL GEOMETRY,
AND THE DESIRE TO ACHIEVE THIS
IN SUCH A WAY AS TO ALLOW THE
FINAL COMPONENTS TO BE INDUS-
TRIALLY PRODUCED.
THE DESIGN OF THE SYSTEM IS A
PRODUCT OF A PREDETERMINED
APPROACH, TERMED A "SEQUENTIAL
DESIGN PROCESS" THAT IS TO SAY
THE STEPS TO BE FOLLOWED IN THE
CONCEPTION AND DESIGN OF THE
SYSTEM WERE PREDETERMINED
AND GIVEN PRIORITIES OF EXECU-
TION. THE RESULTING BUILDING
SYSTEM REFLECTS THE DISCIPLINE
OF THE DESIGN PROCESS.
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TITLE: ASSISTANT PROFESSOR OF
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I.
INTRODUCTION THIS REPORT DOCUMENTS THE FIRST
TWO PHASES IN A FOUR PHASE SE-.
QUENTIAL DESIGN-DEVELOPMENT
STUDY.
1:00:00
INFORMATION PHASE AND CONCEPT
DERIVATIONS(S)
2:00:00
CONCEPT(S) DEVELOPMENT
THE LAST TWO PHASES OF THE
DESIGN-DEVELOPMENT STUDY WERE
NOT UNDERTAKEN AS PART OF THIS
THESIS.
3:00:00
FINAL CONCEPT--DEVELOPMENT
STUDY AND COORDINATION
4:00:00
BUILDING SYSTEM APPLICATION
II.
PROLOGUE TO THESIS THE DOMINATING IDEA OF INDUS-
TRIALIZED OR SYSTEM BUILDINGS,
WITH THE MARKET REQUIREMENTS
OF STANDARDIZATION AND PRE-
FABRICATION, IS PRE-SUPPOSED TO
BE A NECESSARY DEVELOPMENT IN
THE BUILDING INDUSTRY. THE
FINAL JUSTIFICATION OF THE BUILD-
ING SYSTEM IS DEPENDENT ON MEET-
ING THE DEMANDS OF AN EXPANDING
MARKET OR IN THE ORGANIZING OF A
PRAGMENTED MARKET TO UTILIZE
THE NEW PRODUCT.
THE EMPHASIS IN THIS BUILDING
SYSTEM STUDY IS ON THE TECHNICAL
ASPECTS OF THE PROBLEM, AND
AIMED AT THE MAXIMUM ADAPTABIL-
ITY OF THE SYSTEM TO VARYING CON-
DITIONS.
THE FINAL GOAL OF THE STUDY IS
SIMPLY TO EXPOSE AND TO UNDER-
STAND THE TECHNICAL AND PRO-
DUCTION REQUIREMENTS OF A
BUILDING SYSTEM. A SECOND OBJEC-
TIVE IN THE THESIS STUDY WAS TO
PRE-DETERMINE AND TEST A DESIGN-
DEVELOPMENT WORK SEQUENCE,
WITH THE HOPE OF EXPANDING AND
STRENGTHENING THE DESIGN PRO-
CESS AND IMPROVING THE DESIGN
PRODUCT.
THE FOLLOWING WORK IS NOT IN ANY
SENSE A DESCRIPTION OF A PROPOSED
PRODUCT, BUT RATHER IT IS SIMPLY
A RECORD OF PROBLEM INVESTIGATION.
THE- GUIDING STRUCTURE OF THE STUDY
EFFORT WAS A PRE-DETERMINED
"DESIGN- DEVELOPMENT" SEQUENCE.
EACH PORTION OF WORK IN THE
SEQUENCE IS DOCUMENTED IN
.WRITTEN OR SKETCH FORM WITH
THE IDtA OF:
1. FORMING A CLEAR RECORD OF
DECISION AND RESULTING
DEVELOPMENT.
2. FORMING A GROWING VOCABU-
LARY FOR FUTURE DECISION
MAKING AS RELATED TO BUILD-
ING SYSTEMS.
III.
FORMULATION OF THE
PROBLEM
COMPREHENSIVE BUILDING
SYSTEMS
THE DESIGN PROGRAM IS TO BE
UNDERSTOOD AS A DESCRIPTION OF
THE NECESSARY PARAMETERS
LEADING TO THE DEVELOPMENT OF
A COMPREHENSIVE BUILDING SYSTEM.
THE FOLLOWING INFORMATION IS TO
FURTHER DEFINE THE ACCEPTED
TERMINOLOGY, THE SELECTION OF
MATERIALS AND THE PREDETER- -
MINED PERFORMANCE OBJECTS AS
AN ADDENDUM TO THE DESIGN PRO-
GRAM.
THE TERMINOLOGY IS THAT WHICH
WAS ACCEPTED BY THE AUTHOR;
AND IS BASED ON RESEARCH INFOR-
MATION, AS LISTED IN THE REFER-
ENCES.
THE TERMINOLOGY OF "COMPREHEN-
SIVE BUILDING SYSTEM (CBS)" IS TO
MEAN EITHER A "CO-ORDINATED
METHOD OF ASSEMBLY OF VARIOUS
COMPONENTS, " OR "A UNIQUE
ASSEMBLY OF SPECIAL COMPONENTS
WHICH USUALLY INCLUDES AT LEAST
THREE, AND PREFERABLY MORE,
OF THE FOLLOWING ENVIRONMENTAL
ASPECTS OF THE BUILDING": STRUC-
TURE, HEATING, VENTILATING, AIR
CONDITIONING, WET SYSTEMS, ELEC-
TRICAL SYSTEMS, ACOUSTICAL CON-
DITIONING, INTERIOR SPACE DIVISION
AND CIRCULATION SYSTEMS.
Id
REFERENCE:
BUILDING RESEARCH
SEPT. -OCT. 1966
INTEGRATED MECHANICAL
AND ELECTRICAL AND
WET SYSTEMS
"COMPREHENSIVE BUILDING SYSTEMS
ARE THE RESULT OF INDUSTRY'S
SEARCH FOR MARKETS, THE CLIENT'S
DESIRE FOR SHORTER SCHEDULES,
AND LOWER COSTS, AND THE GROW-
ING COMPLEXITY OF BUILDING TECH-
NOLOGY." THE FINAL GOAL OF THE
CBS IS TO MEET THE NEEDS OF A
BUILDING TYPE WHICH IN TURN RE-
QUIRES A PRECISE, WELL-DEFINED
UNDERSTANDING OF PROBLEM DE-
MANDS. THE SPECIFICATIONS FOR
THE SYSTEM PERFORMANCE MUST
PRECEDE THE SYSTEM DESIGN.
THE INTEGRATION OF MECHANICAL,
ELECTRICAL, AND WET SYSTEMS IS
RELATED TO THE PLACEMENT OF THE
SYSTEMS WITHIN THE STRUCTURAL
GEOMETRY AND IN THIS SENSE, TAKES
ONE OF TWO FORMS: THE FIRST
METHOD OF INTEGRATION IS TERMED
"FUNCTIONAL INTEGRATION" WHICH
IS THE RESULT OF A SINGLE OR
COMPOSITE ELEMENT PERFORMING
BOTH STRUCTURAL AND SERVICE
FUNCTIONS. THE SECOND METHOD
OF INTEGRATION IS TERMED
"SPATIAL'INTEGRATION" WHICH IS
THE RESULT OF TWO SYSTEMS
SERVING SEPARATE FUNCTIONS, BUT
ARRANGED IN A PHYSICALLY CO-
ORDINATED RELATIONSHIP.
IN THE HISTORY OF BUILDING, FUNC-
TIONAL INTEGRATION EVOLVED
FIRST. AN EXAMPLE OF THIS FORM
OF INTEGRATION CAN BE ILLUSTRA-
TED IN THE TUBE COLUMN THAT IS
USED TO DISTRIBUTE AIR, OR DRAIN
WATER.
5SPATIAL INTEGRATION IS THE PRO-
DUCT OF MORE COMPLEX BUILDING
SYSTEMS INCORPORATING MECHANI-
CAL DEVICES AND MORE COMPLEX
DISTRIBUTION SYSTEMS.
THE CURRENT TRENDS IN THE INTE-
GRATION OF BUILDING SYSTEMS IS
TOWARD FUNCTIONAL INTEGRATION.
OF DISTRIBUTION SYSTEMS AND
SPATIAL INTEGRATION OF MECHANI-
CAL SYSTEMS; EACH A PRODUCT OF
HIGHER DEMANDS FOR SERVICES AND
GREATER ENVIRONMENTAL CONTROL.
CLOSELY CONNECTED TO THE DEVEL-
OPMENT OF INTEGRATED SYSTEMS IS
THE INDUSTRIALIZATION OF INTE-
GRATED SYSTEMS AS A PACKAGED
PRODUCT. (AN EARLY EXAMPLE OF
THIS IS THE INTEGRATED CEILING
SYSTEM COMPOSED OF FINISHED
CEILING, LIGHTING AND AIR DIS-
TRIBUTION COMPONENTS IN A
STRUCTURAL FRAME.)
STATEMENT THE OBJECTIVE TO DEVELOP A HIGH
DEGREE OF SYSTEMS INTEGRATION
IS PRESUPPOSED TO BE A PROGRAM
PARAMETER.
FUTURE POSSIBILITIES ENERGY-INTEGRATED ENVIRONMEN -
TAL SYSTEMS (DYNAMIC INTEGRA-
TION):
ENERGY INTEGRATION IS THE APPLI-
CATION OF DUAL PURPOSE COMPO-
NENTS OR DEVICES WHICH ARE
COMMON TO TWO OR MORE BUILDING
SUB-SYSTEMS PERMITTING THE
DIRECT INTERCHANGE OF SYSTEM
ENERGIES TO REDUCE THE NET
ENERGY REQUIREMENTS OF THE
INTEGRATED SYSTEM. ENERGY
INTEGRATED ENVIRONMENTAL SYS-
TEMS INVOLVE THE TRANSFER OF
HEAT ENERGY FROM ONE SYSTEM TO
ANOTHER. AN EXAMPLE OF ENERGY
INTEGRATION IS FOUND IN THE USE
OF WATER COOLED THERMAL
LOUVERS TO TRANSFER HEAT
ENERGY TO THE MECHANICAL SYS-
TEM. A MORE COMPLETE DESCRIP-
REFERENCE: TION OF ENERGY INTEGRATED SYS-
BUILDING RESEARCH TEMS CAN BE FOUND IN THE LISTED
MAY-JUNE., 1964 REFERENCE.
THE COMPLEXITY OF THE MECHANI-
CAL DEVICES FOR ENERGY INTEGRA-
TED SYSTEMS IS BEYOND THE SCOPE
OF THIS THESIS. HOWEVER, SUCH
SYSTEMS ARE MENTIONED AS FUTURE
POSSIBILITIES FOR DEVELOPMENT.
CONCRETE AS THE
STRUCTURAL MATERIAL THE FOLLOWING STATEMENT IS,
IN PART, A RATIONALIZATION OF
THE SELECTION OF CONCRETE AS A*
BUILDING MATERIAL TO BE USED IN
THE STRUCTURAL SYSTEM. THE
FINAL JUSTIFICATION FOR MATERIAL
SELECTION MUST INCLUDE ECONOMIC
AVAILABILITY AND STRUCTURAL FEA-
SIBILITIES, AS WELL AS FIRE CODE
CONSIDERATIONS
CONCRETE AS A STRUCTURAL MATERI-
AL IS FIREPROOF AND DURABLE IN
WEATHERING AND IS EASILY ADAPTA-
BLE TO NEW FORM WITHOUT MASSIVE
INDUSTRIAL RE-TOOLING. CONCRETE
OFFERS TO THE DESIGNER THE FLEXI-
BILITY IN GEOMETRIC FORM THAT
PROVIDES THE OPPORTUNITY FOR
STRUCTURAL INNOVATION.
INNOVATIONS IN CONCRETE STRUC-
TURES ARE A PRODUCT OF INNOVA-
TIONS IN THE FORMULATION OF CON-
CRETE AND THE DESIGN OF STEEL
REINFORCING SYSTEMS; PREFABRI-
CATION TECHNIQUES AND FIELD
OPERATIONS AND THE DEVELOPED
STRUCTURAL GEOMETRY OF THE
SYSTEM.
PROPERTIES OF CONCRETE:
THE INDUSTRIALIZED PREFABRI-
CATION OF CONCRETE COMPO-
NENTS MAKES POSSIBLE THE
ABSOLUTE QUALITY CONTROL IN
THE FORMULATION, PLACEMENT,
AND CURING OF THE CONCRETE
NECESSARY AND PREREQUISITE TO.
ACCEPTANCE OF CONCRETE AS A
STRUCTURAL MATERIAL.
PREFABRICATION TECHNIQUES AND
FIELD OPERATIONS:
VARIATIONS IN FORMING TECH-
NIQUES, REINFORCING SYSTEMS,
AND PRESTRESSING (OR POST
TENSIONING) TECHNIQUES PROVIDE
AN ADDED FLEXIBILITY FOR THE
DESIGNER TO EXPAND THE USE OF
CONCRETE TO MORE SOPHISTICATED,
HIGH STRENGTH STRUCTURES.
PRESTRESSING OFFERS THE UNIQUE
CHARACTERISTIC OF ADDING
STRENGTH WITHOUT NECESSARILY
CHANGING THE OVERALL STRUC-
TURAL DIMENSIONS. POST TEN-
SIONING DURING ASSEMBLY PRO-
VIDES A STRUCTURAL CONTINUITY
NOT FOUND IN STRUCTURAL SYS-
TEMS USING OTHER MATERIALS.
LEGAL RESTRICTIONS ON TRANS-
PORTATION ARE COMMON TO ALL
LARGE BUILDING COMPONENTS,
HOWEVER, WITHIN REASONABLE
WEIGHT LIMITS AND DIMENSIONS,
.TRANSPORTATION AND ERECTION
ARE ECONOMICALLY COMPARA-
BLE TO STEEL SYSTEMS; AND ARE
PHYSICALLY POSSIBLE WITH
EXISTING TRANSPORTATION AND
ERECTION EQUIPMENT (FOR LOADS
UP TO 30 TONS)
STRUCTURAL GEOMETRY:
THE GREATEST SINGLE CHARACTER-
ISTIC OF CONCRETE IS THE
FLEXIBILITY TO BE FORMED INTO
ANY CONFIGURATION WITHOUT
THE NEED FOR HEAVY INDUSTRIAL
EQUIPMENT. INNOVATIONS IN
STRUCTURAL GEOMETRY ARE
MOST LIKELY TO OCCUR IN CON-
CRETE SYSTEMS.
THE DESIRABILITY OF DEVELOPING
MORE ADAPTABLE AND MORE
SOPHISTICATED CONCRETE SYSTEMS
AS A PRODUCT OF INDUSTRIALIZED
FABRICATION PROCESSES IS PRE-
SUPPOSED BY THIS STUDY TO BE OF
GUIDING IMPORTANCE.
STATEMENT
FUTURE POSSIBILITIES
FOR INNOVATION:
NEW CONCRETE MATERIALS
REFERENCE
BUILDING RESEARCH
OCTOBER, 1967
FICRETE:
FICRETE OR FIBERGLASS REIN-
FORCING OF CONCRETE IS A
PROMISING NEW FORM OF REIN-
INFORCING PRESENTLY UNDER-
GOING DEVELOPMENT. THE
MATERIAL HAS TENSILE STRENGTH
IN ALL DIRECTIONS BY REINFORC-
ING WITH CHOPPED STRANDS OF
FIBERGLASS FILAMENT. THIS
TECHNIQUE FOR REINFORCING
REDUCES CREEP AND CRACKING
AND CUTS REINFORCING COSTS
TO 1/3 THAT OF STEEL REIN-
FORCING.
THE CONCRETE CAN BE USED IN
THINNER SECTIONS DUE TO THE
ABSENCE OF REINFORCING STEEL.
IN STUDIES AT THE RENSELAR
POLYTECHNIC INSTITUTE, STRENGTH
TESTS ON FICRETE SHOWED COM-
PREHENSIVE STRENGHT OF 3000 PSI
AND TENSILE STRENGTH OF 1800 PSI
AT CRACKING AND 2300 PSI AT
FAILURE.
RESEARCH IN THIS REINFORCING
TECHNIQUE IS ALSO BEING CON-
DUCTED BY THE U. S. ARMY CORP
8
REFERENCE
ENGINEERING- NEWS
RECORD
MARCH 28, 1968
(p. 18)
OF ENGINEERS AT THE OHIO RIVER
DIVISION LABORATORIES.
ADDITIONAL INFORMATION ON THIS
MATERIAL CAN BE FOUND IN THE
REPORT "FIBROUS REINFORCING",
BY THE PORTLAND CEMENT
ASSOCIATION.
CHEMICAL PRESTRESSING:
CHEMICAL PRESTRESSING IS ONE
OF THE MOST RECENT DEVELOP-
MENTS IN CONCRETE TECHNOLOGY.
THE USE OF SPECIAL CEMENT THAT
EXPANDS AS IT CURES, IS THE KEY
FACTOR.
THE CONCRETE FIRST BONDS TO
THE REINFORCING STEEL AND
THEN EXPANDS TO STRESS THE
STEEL TO A PREDETERMINED
TENSION. THINNER LOAD BEARING
SECTIONS ARE POSSIBLE YIELDING
LIGHTER WEIGHT COMPONENTS;
MICRO CRACKING DUE TO SHRINK-
AGE IS ELIMINATED AND PRE-
STRESSING AROUND CORNERS IS
POSSIBLE.
A SINGLE MODULAR UNIT OF COM-
PLEX FORM CAN BE POURED AND
PRESTRESSED IN A SINGLE OPERA-
TION.
UNDER INDUSTRIALIZED CONDITIONS
THE RESULTS OF CHEMICAL PRE-
STRESSING ARE PREDICTABLE AND
CONTROLLABLE, AND OFFER
GREAT PROMISE FOR INNOVATIONS
IN STRUCTURAL GEOMETRY.
1F1V
PERFORMANCE OBJECTIVES THE FOLLOWING INFORMATION
DESCRIBES THE GENERAL PERFORM-
ANCE OBJECTIVES PRESUPPOSED TO.
BE PROGRAM REQUIREMENTS:
STRUCTURAL SYSTEM:
THE STRUCTURAL GEOMETRY MUST
PROVIDE A SELECTION OF BAY
DIMENSIONS THAT WOULD PROVIDE
A BAY AREA OF 1000 SQ. FT. TO
3600 SQ. FT. THE STRUCTURAL
FLOOR SYSTEM IS TO PROVIDE
FINISHED SURFACES TOP AND
BOTTOM, AND TO MAINTAIN A UNI-
FORM HEIGHT FOR THE INTERNAL
PARTITION SYSTEM.
THE STRUCTURAL SKELETON IS TO
FORM A MODULAR GRID INTO WHICH
VARIOUS PREFABRICATED SERVICE
COMPONENTS CAN BE PLACED WITH-
OUT THE NEED FOR ON-SITE FABRI-
CATIONS OR ADJUSTMENTS. THE
STRUCTURAL MATERIAL IS TO BE
CONCRETE, APPLICABLE TO IN-
DUSTRIALIZED FABRICATION.
MECHANICAL SYSTEM:
ALL BUILDING SERVICES ARE TO BE
DISTRIBUTED TO EVERY 6' x 9'
MODULE TO DEMONSTRATE THE
ADAPTABILITY OF THE PROTO-
TYPE. THE FOLLOWING DESIGN
CRITERION IS TO PROVIDE A
THEORETICAL LOAD CONDITION
TO ALLOW FOR THE PRELIMINARY
SIZING OF THE DISTRIBUTION SYS-
TEM.
LIGHTING
70 F. C. = 3 WATTS/SO. FT.
100 F. C. = 4.5 WATTS/SQ. FT.
150 F. C. = 6.5 WATTS/SO. FT.
200 F. C. = 8. 6 WATTS /SQ. FT.
MISCELLANEOUS POWER
OFFICES
LABS
.5 WATTS/SQ. FT.
1-4 WATTS/SQ. FT.
OCCUPANCY
EDUCATIONAL = 30 SQ. FT. /PERSON
OFFICE 100 SO. FT. /PERSON
LABORATORY 200 SQ. FT. /PERSON
FUME HOODS
FACE OPENING = 10 SQ. FT.
10 SQ. FT. x 80 FPM = 800 CFM
EXAMPLE TABULATION:
LIGHTING
4. 5 WATTS PSF x 3.4 BTU/W =
15.4 BTU
MISCELLANEOUS POWER
1..OWATT PSFx 3.4 = 3.4 BTU
OCCUPANCY
300 BTU SENSIBLE HEAT
100 SQ. FT. /PERSON
TOTAL
CONVERSION TO CFM:
21. 8 BTU/ HR. ISQ. FT.
1. 08 x 200 AT
= 3.0 BTU
21.8 BTU
1 CFM/SQ. FT.
RECOMMENDED: 2 CFM /SQ. FT.
TO ALLOW FOR HIGHER OCCUPANCY
LOADS AND/OR THE ADDITION- OF
FUNE HOODS.
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BUILDING RESEARCH
MAY-JUNE, 1965
"ECONOMIC SELECTION
OF A STRUCTURAL
SYSTEM. "
STRUCTURAL FORM:
THE SELECTED DIMENSIONS OF THE
MINIMUM STRUCTURAL CELL ARE
3'-"x 6'-O"x 9'-0". THE BAY SIZE
CAN VARY FROM 12 -0 x 18'-0 TO
48'-0" x 72'-0".
THE STRUCTURAL CELL IS TO BE
THOUGHT OF AS A STRESSED SKIN
SHELL FORMED OF MACHINE PRESSED
COLD-ROLLED WELDED DEFORMED-
WIRE FABRIC, SPRAYED WITH EX-
PANDING CONCRETE (CHEMICAL
PRESTRESSING CONCRETE) THE
SHELL IS FORMED IN A ONE-SIDED
MOLD. MATERIAL THICKNESS VARIES
FROM 2" AT THE NEUTRAL AXIS TO
4.5" AT THE COMPRESSION FLANGE
AND 3.5" AT THE TENSION FLANGE.
(DIM-ENSIONS GIVEN AS APPROXIMATE
VALUES ONLY.) THE UNITS CAN BE
CONTINUOUSLY FORMED AND NEED
NOT BE INDIVIDUALLY SEPARATED.
THE FINAL CUTTING IS TO MEET
SPAN DIMENSIONS. (THE DRAWINGS
SHOW SINGLE UNITS ONLY FOR CLARI-
TY.) THE UNITS WOULD BE FABRI-
CATED IN 40' to 70' LENGTHS. THE
PRINCIPAL JOINTS DEFINING THE BAY
ARE POURED-IN-PLACE, FORMING
COMPOSITE BEAMS INTEGRAL WITH
THE STRUCTURE. THE STRUCTURAL
SPAN IS'ALWAYS THOUGHT OF AS
BEING IN THE DIAGONAL DIRECTION.
THE COLUMN SHELL AS SHOWN IN
THE DRAWINGS PRODUCES THE FORM
.FOR A POURED-IN-PLACE COLUMN.
THE RESULT IS A COMPOSITE COLUMN
WITH INTEGRAL BEAM CONNECTIONS.
THE COLUMN SHELL IS ADAPTABLE
TO TWO COLUMN CONDITIONS: THE
SIMPLE STRUCTURAL COLUMN AND
THE CORE. COLUMN CARRYING THE
PRIMARY AIR DELIVERY SYSTEM.
r___ -- - - __ -qq
DESIGN DEVELOPMENT
RESULTS SPECIAL NOTE:
IN THE STRUCTURAL SYSTEM AS
DEVELOPED, IT IS INTENDED THAT
THE COLUMN PLACING NEED NOT
FOLLOW A CLOSED MODULE GRID,
THOUGH IT IS NECESSARY THAT THE
COLUMNS BE ALIGNED VERTICALLY.
THE LIMITING FACTOR IN COLUMN.
SPACING IS THE REQUIREMENT THAT
MAXIMUM SPAN LENGTH BE LIMITED
TO FALL WITHIN THE MAXIMUM
ALLOWABLE DIAGONAL DIMENSION
TO EQUAL SEVEN UNITS MEASURED
ON THE DIAGONAL ( 7 x 10. 8' = 75. 6')
WITHIN THIS LIMIT, COLUMNS CAN
BE PLACED TO MEET VARIABLE
BUILDING USE REQUIREME NTS. AN
ADDITIONAL VARIATION IN THE
STRUCTURAL FORM UTILIZES THE
LOWER TENSION FLANGE OF THE
STRUCTURAL CELL WITH A SIMPLE
FLAT SLAB COMPRESSION FLANGE
GIVING A 21?" STRUCTURAL DEPTH AND
A MAXIMUM BAY SIZE OF 24' x 36'.
AIR DISTRIBUTION SYSTEM:
THE VERTICAL SUPPLY DUCTS IN
THE COLUMN DELIVER AIR AT 2000-
3200 FPM.
THE HORIZONTAL DUCT FUNCTIONS
AS A PLENUM SYSTEM CARRYING AIR
AT 600-1200 FPM.
THE RETURN SYSTEM UTILIZES THE
STRUCTURAL VOID AS A RETURN AIR
PLENUM WITH TERMINAL DISTRIBU-
TION AND RECOVERY, FACILITATED
THROUGH PERFORATIONS IN THE
LOWER STRUCTURAL SHELL (SEE
DRAWINGS)
THE AIR DISTRIBUTION MODULE IS
6' x 9'.
V_ -IN
SPECIAL NOTE:
ABSOLUTE AND FINAL INTEGRA-
TION OF ALL DISTRIBUTED SERV-
ICES OCCURS AT EVERY 6 x 9 MODULE.
DISTRIBUTED SERVICES ARE:
AIR DELIVERY
AIR RECOVERY
ELECTRICAL CONDUIT
CONVENIENCE
LIGHTING
SPECIAL
COMMUNICATION CONDUIT
VOICE COMM. COND.
MACHINE COMM. COND.
WET:
HOT WATER
COLD WATER
3" DRAIN
SPRINKLER WATER
THE FINAL LOCAL INTEGRATION AND
PLACEMENT OF THESE DUCTS AND
CONDUITS IS TO BE THOUGHT OF AS
A STANDARDIZED, PRE-FORMED
DISTRIBUTION CIRCUIT.
MECHANICAL CORE SUB-SYSTEMS:
MECHANICAL CORE LOCATION
POSSIBILITY OCCURS AT INTER-
VALS CONCURRENT WITH STRUC-
TURAL SUPPORTS. AT MINIMUM
MECHANICAL LOAD CONDITIONS
EVERY FOURTH COLUMN SERVES
AS A MECHANICAL CORE, AT MAXI-
MUM MECHANICAL LOAD CONDITIONS
EVERY SECOND COLUMN SERVES AS
MECHANICAL CORE.
GENERAL STATEMENT:
SEE DRAWING FOR SCHEMATIC
DISTRIBUTION CIRCUITS ADAPTA-
TION TO SLAB PUNCTURE AND
BUILDING PATTERN VARIATIONS.
MAXIMUM DESIGN BUILDING HEIGHT
SELECTED ARBITRARILY AT 10
FLOORS
r- -RR
CONSTRUCTION SEQUENCE:
1. PLACEMENT OF COLUMN SHELL
2. PLACEMENT OF LOWER STRUC-
TURAL SHELL
3. PLACEMENT OF PREFORMED
DISTRIBUTION CIRCUITS
4. CIRCUITS
5. PLACEMENT OF UPPER STRUC-
TURAL SHELL
6. CONNECTIONS MADE AT THE
NEUTRAL AXIS OF THE SHELLS
7. POUR COMPOSITE BEAM AND
COLUMN
8. PLACEMENT OF FLOOR PANELS/
OR POURING MEMBRANE SLAB.
(2. 5")
9. FINAL CONNECTIONS TO DISTRI-
BUTION SYSTEM.
10. PLACEMENT OF INTERNAL MOV-
ABLE COMPONENTS AND FIXTURES.
CONCLUSION:
THE KEY FACTORS INFLUENCING THE
THEORETICAL SUCCESS OF BUILDING
SYSTEMS ARE: THE SIMPLICITY AND
EASE OF FABRICATION, A MINIMUM
NUMBER OF COMPONENT VARIATIONS,
MINIMUM NUMBER OF FIELD-JOINT
CONDITIONS, THE ELIMINATION OF
SCAFFOLDING AND SHORING-UP OF
HEAVY MEMBERS DURING ERECTION,
AND THE ERECTION OF LARGE BUILD-
ING PIECES AS A SINGLE OPERATION.
IN CRITICISM OF THE INCLUDED
BUILDING SYSTEM: TWO, AS YET,
UNRESOLVED PROBLEMS ARE OUT-
-STANDING. THE FIRST PROBLEM
HAS TO DO WITH THE SYSTEM'S
COMPLICATED ERECTION PROCEDURE
AND THE NEED FOR TEMPORARY
SHORING DURING ERECTION. SOLU-
TION TO THIS PROBLEM MAY LIE IN
THE FABRICATION OF THE STRUC-
TURAL UNITS IN MEMBERS 48 FT.
TO 70 FT.' IN LENGTH AND 9 FT. IN
WIDTH; AND THE SHIPPING OF THESE
UNITS WITH THE LIGHTING, DIF-
FUSERS, DUCTS, CONDUITS, CEIL-
ING FINISH, AND ERECTION PRE-
STRESSING STEEL, ALREADY
ASSEMBLED IN THE UNIT. SITE
ERECTION WOULD INWOLE PLAC-
ING THE UNIT (12 TO 18 TONS
EACH) AND MAKING THE SERVICE
CONNECTIONS. THE GIRDERS AND
FLOOR UNITS COULD THEN BE PRE-
CAST AND ONLY REQUIRE GROUTING
OF THE STRUCTURAL JOINTS. THE
SECOND PROBLEM HAS TO DO WITH
THE DIFFICULTY OF SERVICING THE
DISTRIBUTION DUCTS AND THE WET
SERVICES, IN THE FLOOR SYSTEM.
SOLUTION TO THIS PROBLEM MIGHT
REQUIRE THE DEPTH OF THE STRUC-
TURAL SYSTEM'TO BE OF SUFFICIENT
DEPTH FOR A MAN TO PASS THROUGH
(LONG SPAN BAY), OR MORE LIKELY,
TO PROVIDE ACCESS POINTS FOR
SERVICING THE ENCLOSED DUCTS.
ANOTHER SUGGESTED ALTERNATIVE
IS TO USE A PLENUM AIR SUPPLY
AND DELIVERY SYSTEM, TO ELIMI-
NATE ALL ENCLOSED DUCTS. OBVI-
OUSLY, MANY GENERALIZATIONS
WERE MADE IN THE STUDY TO AC-
CELERATE EXPOSURE TO TECHNICAL
PROBLEMS. ECONOMIC CONSIDER-
ATIONS WERE LIMITED TO "SIMPLE
EFFICIENCY" DECISIONS.
THE FOLLOWING DRAWINGS AND
PHOTOGRAPHS ARE TO ILLUSTRATE
.THE SYSTEM GEOMETRY.
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2:06:03
PATTERN EDGE CONDITION
/2:06:04
FORMATION OF COMPOSITE BEAM
2:06:05
JOINING EDGE CONDITION
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PATTERN EDGE CONDITION
----------
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STRUCTURAL-COLUMN INTERSECTION
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COMPOSITE JOINT PATTERN
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EDGE CONDITION AT OPENING
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STRUCTURAL-COLUMN VARIATION
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COLUMN VARIATION
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PRIMARY AIR DISTRIBUTION CORE
WITH STRUCTURAL COLUMN
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PRIMARY AIR DUCT ENTRY
HORIZONTAL DISTRIBUTION
INTO
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SECONDARY AIR DISTRIBUTION
TERMINAL AIR DISTRIBUTION -K
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SECONDARY DISTRIBUTION
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ISOMETRIC CEILING DISTRIBUTION PLAN
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ISOMETRIC CEILING PLAN
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THE ARCHITECT
REFERENCES:
"ENGINEERING NEWS-
RECORD" APRIL 25,
1968 (pp. 38, 39, 92)
REFERENCE:
WALL STREET JOURNAL
MAY 1, 1968, (p 19)
"INLAND STEEL ADVER-
TISEMENT"
THE BURDEN IMPOSED ON THE ARCHI-
TECT TO MASS PRODUCE "UNIQUE
BUILDINGS" IS INCREASINGLY LIMIT-
ING THE ABILITY OF THE ARCHITECT
TO EXPAND HIS MARKETS.
THE MARKET DEMAND FOR MORE
BUILDING IS INCREASING AT A RATE
FAR BEYOND THE PRODUCTION RATE
OF THE ARCHITECT, OR THE RATE
OF EXPANSION OF THE PROFESSION.
THE STRATEGY TO COUNTER THIS
DEFEATING CONDITION (IN THE
OPINION OF THE AUTHOR) IS IN THE
CAREFUL PREDETERMINED DEVELOP-
MENT OF ALTERNATIVE SYSTEMS,
EACH OF LIMITED CRITICAL VARIA- -
TION, AND APPLICABLE TO VARYING
PROGRAM CONDITIONS. THE INDUS-
TRIALIZATION OF THE PRODUCTION
OF SUCH BUILDING SYSTEMS RELIEVES
THE ARCHITECT OF THE TIME-CON-
SUMING, BURDENSOME TASK OF
REPETITIVE INNOVATIONS FOR
UNIQUE CONSTRUCTIONS, AND IN THE
FINAL APPLICATION, ASSURES THE
CLIENT OF A PREDETERMINED
QUALITY UNDER STRICTER BUDGET
CONTROL.
AT THE ON-SET OF A NEW BUILDING
PROGRAM, THE ARCHITECT NEED
CONCERN HIMSELF WITH THE DETER-
MINATION OF CLIENT PROGRAM
REQUIREMENTS AND PERFORMANCE
SPECIFICATIONS AND, IN A CREATIVE
SENSE, ONLY THE RELEVANT DEMANDS
FOR INNOVATIONS, AND ADAPTATIONS.
THE PROPER ESTHETIC CONSIDERA-
TIONS TAKE PLACE IN THE SEQUENCE
OF SYSTEM SELECTION AND ADAPTA-
TION BUT NEED NOT PENETRATE
THE ENTIRE PRODUCTION EFFORT.
* t
W; -- 11 sa __ - - - __ - -__ --- -- ----I
CONCLUSION
ESTHETIC CONSIDERATIONS IN
STRUCTURAL DESIGN, AND FORM,
HAVE TAKEN PLACE AT PRE-
DETERMINED POINTS IN THE BUILD-
ING SYSTEMS DEVELOPMENT AND
NEED NOT CONTINUE TO CONSUME
TIME IN EVERY SUBSEQUENT APPLI-
CATION OF THE SYSTEM.
RELEVANT ESTHETIC ISSUES UNIQUE
TO THE PARTICULAR BUILDING PRO-
GRAM CAN THEN DOMINATE THE
DESIGN EFFORT AND FIND RESOLU-
TION WITHIN THE CONTEXT OF THE
SELECTED BUILDING SYSTEM.
THE UTILIZATION OF BUILDING
SYSTEMS IN NO WAY NEGATES THE
RESPONSIBILITY OF THE ARCHITECT
TO CONCERN HIMSELF WITH LIVABLE
ENVIRONMENTAL CONDITIONS AND
PUBLIC RESPONSIBILITIES, NOR DOES
THE INDUSTRIALIZATION OF BUILDING
SYSTEMS CRITICALLY ALTER THE
OPPORTUNITIES OF UNIQUE CLIENT-
DESIRED VISUAL EXPRESSION OF
BUILDINGS.
IT IS CONCEIVABLE THAT THE VERY
CAREFUL DEVELOPMENT OF SYSTEMS
WILL IN FACT EXPAND THE ALTER-
NATIVES AVAILABLE TO THE ARCHI-
TECT WORKING UNDER LIMITED PRO-
JECT BUDGET AND LIMITED PROJECT
TIME CONDITIONS; AND IN THE FINAL
APPLICATION OFFER THE ARCHITECT
EXPANDED LEGAL PROTECTION, AND
LIMITED EXPOSURE TO CLIENT DISSAT-
ISFACTION, DUE TO UNCONTROLLED
BUILDING COST; AND OF PRINCIPAL
IMPORTANCE: TO ACCELERATE THE
ARCHITECT'S ABILITY TO MEET THE
DEMANDS OF A GROWING, MORE
COMPLEX MARKET.
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APPLICATIONS VOL., 1966.
BUILDING RESEARCH
"INTEGRATION OF MECHANICAL,
ELECTRICAL, AND STRUCTURAL
SYSTEMS".
MAY - JUNE, 1964.
BUILDING RESEARCH
"INTEGRATING MECHANICAL EQUIP-
MENT INTO THE BUILDING STRUCTURE."
"ECONOMIC SELECTION OF STRUCTURAL
SYSTEMS".
MAY - JUNE, 1965.
BUILDING RESEARCH
"IDENTIFYING PERFORMANCE OBJEC-
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TIME SAVER AND STANDARDS
CALLENDER, 4TH EDITION, McGRAW-
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APPENDIX A
THE SEQUENTIAL DESIGN METHOD
THE SEQUENTIAL
DESIGN METHOD THE SEQUENTIAL DESIGN METHOD
IS A PREDETERMINED SEQUENCE OF
ACTIVITIES AIMED AT STRENGTHEN-
ING THE DESIGN EFFORT AND IM-
PROVING THE DESIGN PRODUCT. THE
EXERCISE OF THE SEQUENCE DEMANDS
A CREATIVE EFFORT WITHIN THE
DISCIPLINE OF A PREDETERMINED
FRAMEWORK. THE DESIGNER MUST
CONSTANTLY EVALUATE THE SE-
QUENCE OF ACTIVITIES AND MAKE
ADJUSTMENTS TO MEET UNIQUE DE-
SIGN PROBLEMS.
PROJECT CONTROL:
THE SEQUENTIAL DESIGN PROCESS
IS UNIQUE IN THAT:
1. THE SEQUENCE OUTLINE OFFERS
THE FIRST OPPORTUNITY TO
VIEW THE VERY DIFFICULT
"DESIGN EFFORT" AS A PROCESS.
2. THE PROCESS IS THE FIRST
OPPORTUNITY TO UNDERSTAND
THE DESIGN EFFORT AS A WHOLE,
CAPABLE OF MANAGEMENT CON-
TROL IN TERMS OF TIME AND
EFFORT ALLOCATION.
3. THE SEQUENTIAL METHOD IS
A UNIQUE STRUCTURE FOR
BRINGING ORDER AND CONTROL-
LING PURPOSE TO THE DESIGN
EFFORT.i
4. THE SEQUENCE OUTLINE ESTAB-
LISHES THE FORMAT FOR DOCU-
MENTATION AND CODIFICATION
OF DATA AND IDEAS.
5. THE DOCUMENTATION THEN PRO-
VIDES A WORKING LIBRARY FOR
SUBSEQUENT DECISIONS.
6. THE PREDETERMINED ACTIVITY
SEQUENCE PROVIDES THE
"ORGANIZING CORE" OF THE
TEAM DESIGN EFFORT, AND IS
ADAPTABLE TO CPM PROGRAM-
MING.
APPLICATION:
THE APPLICATION OF A DESIGN-
SEQUENCE ASSUMES THAT THE
PROBLEM SOLUTION IS TO BE
FOUND IN THE GENERAL AREA
OF THE PROBLEM, AND THAT
ADDITIONAL TIME AND EFFORT
WILL EXPAND THE RESULTS AND
INCREASE THE ACCURACY OF THE
DESIGN DECISIONS. THE NATURE
OF THE PROBLEM AND THE ULTI-
MATE GOALS OF THE PROJECT ARE
THE TWO CONTROLLING FACTORS
IN DEVELOPING THE SEQUENCE.
THE TIME ALLOWED FOR THE DE-
SIGN EFFORT DETERMINES THE
COMPLEXITY AND THE DETAIL
THAT CAN BE ACHIEVED AS A
RESULT OF THE SEQUENCE. THE
SHORT PERIOD OF TIME REQUIRED
TO ADAPT THE SEQUENCE TO A
UNIQUE PROBLEM IS A SMALL EX-
PENSE CONSIDERING THE WASTED
TIME AND THE DUPLICATED EF-
FORT THAT ARE COMMON TO COM-
PLEX DESIGN PROBLEMS.
THE FOLLOWING DESIGN SEQUENCE
OUTLINE WAS USED IN THE THESIS
STUDY. THE OUTLINE WAS WRITTEN
PRIOR TO THE BEGINNING OF THE
PROBLEM AND WAS ADAPTED TO
THE ASSIGNED PROBLEM. THE
SEQUENCE EXECUTION TIME WAS
18 MAN WEEKS.
CODIFICATION:
THE CODE NUMBER PRECEED-
ING EACH ACTIVITY DESCRIBES
THE SUB-ROUTINE
THE ACTIVITY
THE PAGE NUMBER
00
EXAMPLES OF THE DESIGN DE-
VELOPMENT WORK SHEETS CAN
BE FOUND IN THIS APPENDIX AND
ARE REFERENCED FROM THE CODE
NUMBER.
THE CODE NUMBER IS ALSO USED
IN THE FLOW DIAGRAM WHICH FOL-
LOWS THE SEQUENCE OUTLINE.
APPLIED DESIGN-DEVELOPMENT
SEQUENCE
1:00:00
INFORMATION PHASE AND CON-
CEPT DERIVATION
1:01:00
INFORMATION ANALYSIS - REFER-
ENCE TO PREVIOUS THESIS STUDIES
COLLECTION OF RELATED TO GEN-
ERAL BUILDING SYSTEM DEVELOP-
MENT. (LIBRARY REVIEW)
1:02:00
PROBLEM DEFINITION
REVIEW ASSIGNED PROGRAM AND
EXPAND PROGRAM TO MEET
UNIQUE CONDITIONS. DEFINE
TERMINOLOGY.
1:03:00
ADAPT THE DESIGN SEQUENCE
TO PROBLEM OBJECTIVES. DE-
FINE DESIRED SOLUTION CHAR-
ACTERISTICS IN TERMS OF GEN-
ERAL PERFORMANCE OBJEC-
TIVES (MECHANICAL, ELECTRI-
CAL ETC.).
1:04:00
DEFINITION OF SYSTEM PARAME-
TER. COORDINATION OF PER-
FORMANCE OBJECTIVES WITH THE
"COMPREHENSIVE BUILDING SYS-
TEMS" IDEA. ESTABLISH PARAME-
TERS TO GUIDE THE DEVELOPMENT
OF THE SYSTEM GEOMETRY. DE-
TERMINE THEORETICAL BUILDING
GEOMETRY.
1:05:00
STATISTICAL DATA:
USE OF THE INTERACTION MATRIX
TO DETERMINE SPAN DIMENSIONS
MINIMUM MODULE DIMENSION DERI-
VATION.
1:06:00
SYNTHESIS
COMPILATION OF ALL DATA.
CROSS REFERENCE DATA.
EXTRACT COMMON VALUES, IN-
TERPRET GENERAL NATURE OF
BUILDING SYSTEM IN TERMS OF
DIMENSIONS AND GEOMETRY CHAR-
ACTERISTICS.
FORMULATE POSSIBLE CONCEPTS
AND ALTERNATIVES. (FORMULATE
AT LEAST 2 OR 3 ALTERNATE CON-
CEPTS. )
PRESENT CONCEPTS IN DIAGRAM
FORM.
1:07:00
PRESENTATION OF CURRENT DATA.
DOCUMENTATION OF DATA FOR FU-
TURE REFERENCE IN MAKING CON-
CEPT SELECTION.
1:18:00
FEEDBACK TO PHASE 1:00:00 -
EVALUATE THE EXECUTED
SEQUENCE AND MODIFY FOR
FUTURE REFERENCE IF NECES-
SARY.
ADJUSTMENT TO PHASE 2:00:00 -
LOOK AHEAD TO PHASE 2:00:00 TO
EVALUATE IF THE CURRENT RE-
SULTS ARE RELATED TO THE NEXT
PHASE OF THE SEQUENCE. ADJUST
THE NEXT PHASE TO BEST EXPLOIT
THE CURRENT DATA.
2:00:00
CONCEPT(S) DEVELOPMENT:
THIS PHASE OF WORK WILL FUR-
THER DEFINE AND DEVELOP THE
ESTABLISHED CONCEPTS AND AL-
TERNATIVES AND WILL TERMI-
NATE IN THE FINAL SECTION OF
A SINGLE CONCEPT TO BE EXPAND-
ED IN THE PHASE 3:00:00.
2:00:01
MATHEMATICAL ANALYSIS:
GEOMETRY - DEVELOPMENT
OF THE STRUCTURAL GEOMETRY
AND THE DISTRIBUTION SYSTEM
GEOMETRY BASED ON PRELIMI-
NARY DIMENSIONS OF STRUC-
TURAL COMPONENTS AND DIS-
TRIBUTION DUCT SIZES. SIMUL-
TANEOUSLY EXECUTED FOR
EACH CONCEPT AND ALTERNA-
TIVE.
MODULAR COORDINATION - PRE-
LIMINARY ADJUSTMENT OF DI-
MENSIONS TO COORDINATE ME-
CHANICAL DIMENSIONS WITH
STRUCTURAL DIMENSIONS WITH
THEORETICAL PLANNING DI-
MENSIONS.
DETERMINATION OF ELEMENTA-
RY DIMENSIONS - DETERMINE
- RESULTING STRUCTURAL CELL
DIMENSION AND STRUCTURAL
BAY DIMENSIONS ELEMENTA-
RY DIMENSIONS WILL DETER-
MINE MECHANICAL CORE
FREQUENCY AND SIZE, AND
STRUCTURAL COLUMN LOAD
CONDITIONS. ABSTRACT
BUILDING GRID PATTERN
(BUILDING FOOT PRINT.)
2:02:00
FUNCTIONAL ANALYSIS:
BASED ON ELEMENTARY DI-
MENSIONS, FUNCTIONAL AND
PLANNING ASPECTS CAN BE
EVALUATEDAND COORDINATED.
THIS DATA IS COMMON TO ALL
CONCEPTS UNDER STUDY.
FUNCTIONAL REQUIREMENTS:
DETERMINATION OF DESIRABLE
ROOM DIMENSIONS, LIGHTING
LOADS, UNIQUE MECHANICAL RE-
QUIREMENTS AND CIRCULATION
PATTERNS.
PLANNING REQUIREMENTS:
DETERMINATION OF VERTICAL
AND HORIZONTAL CIRCULATION
PATTERNS. FORMULATION OF
THEORETICAL BUILDING GEOME-
TRY; LOCATION OF REPETITIVE
SUB-COMPONENTS (TOILETS,
STORAGE, ELEVATORS).
CODE REQUIREMENTS:
EVALUATION OF BUILDING CODE(S)
DETERMINATION OF FIRE STAIR
FREQUENCY, LIMITS OF FLOOR
TO FLOOR OPENINGS; LOCATION OF
FIRE STANDPIPES AND SPRINKLER
SYSTEM. EXTRACT RESULTING
CODE MODIFICATIONS FOR BUILD-.
ING GRID PATTERN (BUILDING
FOOT PRINT).
2:03:00
STRUCTURAL ANALYSIS:
BASED PRELIMINARY STRUC-
TURAL DIMENSIONS EVALUATE
STRUCTURAL ECONOMIES RE-
SULTING FROM SELECTION OF
VARIOUS STRUCTURAL MATERIALS
DEVELOP EDGE CONDITION COM-
PONENTS, AND CONNECTION DE-
TAILS.
2:04:00
PRELIMINARY DETERMINATION
OF PREFABRICATION TECHNIQUE.
ADJUSTMENT OF COMPONENT DI-
MENTIONS TO SATISFY LEGAL-
TRANSPORTATION LIMITS.
DEVELOP ON-SITE ERECTION
SEQUENCE AND UNIQUE ERECTION
EQUIPMENT.
2:05:00
SYNTHESIS:
COMPILATION OF CURRENT DATA.
RELATIVE COMPAR ISON OF DE-
VELOPED CONCEPTS.
EVALUATION AND SELECTION OF
FINAL CONCEPT.
2:06:00
DOCUMENTATION OF ALL DATA
PRESENTATION OF FINAL CON-
CEPT AND SUPPORTING DATA.
2:07:00
FEEDBACK TO PHASE 2:00:00.
ADJUSTMENT TO PHAS 3:00:00.
3:00:00
FINAL CONCEPT DEVELOPMENT
AND COORDINATION.
3:01:00
DIMENSIONAL ADJUSTMENT:
FINAL DETAILED ADJUSTMENT OF
DIMENSIONS BASED ON OPTIMIZA-
TION OF MATERIALS.
3:02:00
DEVELOP STRUCTURAL DIMEN-
SION ALTERNATIVES BASED ON
VARYING LOAD CONDITIONS, BAY
SIZE, MECHANICAL LOAD CON-
DITIONS, AND PLANNING REQUIRE-
MENTS.
3:03:00
DEVELOP SYSTEM GEOMETRY
ALTERNATIVES BASED ON EDGE
CONDITION VARIATIONS AND BUILD-
ING SKIN ENCLOSURE TECHNIQUE
AND MATERIALS, AND INTERNAL
FLOOR TO FLOOR OPENINGS.
3:04:00
DEVELOP CONSTRUCTION TECH-
NIQUES TO ACCOMMODATE UNIQUE
CONDITIONS: ERECTION OF BUILD -
ING SKIN, POST TENSIONING DUR-
ING ERECTION, GROUTING, PLAC-
ING INTERIOR PARTITIONS AND
OTHER SUB-COMPONENTS.
3:05:00
DEVELOP OR SELECT UNIQUE
BUILDING SUB-COMPONENTS SUCH
AS LIGHTING FIXTURES, AIR DIF-
FUSERS, PARTITION SYSTEM AND
STANDARD "PLUG-IN" PLUMBING
OR MECHANICAL COMPONENTS.
3:06:00
EVALUATION OF DEVELOPED SYS-
TEM.
DOCUMENTATION OF CURRENT
DATA.
PRESENTATION OF CURRENT DATA.
3:07:00
FEEDBACK TO PHASE 3:00:00.
ADJUSTMENT TO PHASE 4:00:00.
4:00:00
BUILDING SYSTEM APPLICATION:
THIS PHASE IS TO SHOW AN APPLI-
CATION OF THE DEVELOPED SYS-
TEM TO A UNIQUE SET OF CONDI-
TIONS.
4:01:00
BUILDING SYSTEMS MARKET
ANALYSIS TO EVALUATE THE MOST
RELEVANT AND EFFICIENT APPLI-
CATION OF THE DEVELOPED SYS-
TEM.
BUILDING TYPE SELECTION:
THE SELECTION OF THE BUILD-
ING TYPE MOST SUITED TO THE
BUILDING SYSTEM.
4:02:00
DETERMINE THE MOST DE-
SIRABLE SITE CONDITIONS TO
BEST DEMONSTRATE THE BUILD -
ING SYSTEM CAPABILITY TO
ADAPT.
4:03:00
FUNCTIONAL REQUIREMENTS
COORDINATION:
COORDINATION OF USER REQUIRE-
MENTS AND BUILDING SYSTEM
CAPABILITY WITH SITE CONDI-
TIONS.
DETERMINE BUILDING PLACE-
MENT AND ORIENTATION RELATED
TO SITE CONDITIONS.
4:04:00
FORMULATE BUILDING GEOME-
TRY AND INTERNAL-EXTERNAL
CIRCULATION PATTERN.
4:05:00
DEVELOP UNIQUE BUILDING
COMPONENTS TO MEET DESIRED
ESTHETIC CONSIDERATIONS,
(BUILDING SKIN).
4:06:00
DOCUMENTATION OF SOLUTION
PRESENTATION OF SOLUTION
4:07:00
FEEDBACK TO PHASE 4:00:00.
EVALUATION OF APPLIED DE-
SIGN - DEVELOPMENT SEQUENCE.
FINAL STATEMENT IT MUST BE CLEARLY STATED THAT
THE SEQUENTIAL DESIGN METHOD IS
AIMED AT LIMITED OBJECTIVES:
1. THE PROCESS IN ITS CONCEP-
TION IS TO BE THOUGHT OF AS
A MANAGERIAL TOOL TO GUIDE
THE VERY DIFFICULT DESIGN
EFFORT TO AN ACCEPTABLE
CONCLUSION WITHIN A GIVEN
LIMIT OF TIME.
2. IT IS A TECHNIQUE TO BUILD A
MANAGERIAL AND A TECHNICAL
LIBRARY OF KNOWLEDGE TO BE
USED AS A CONTINUING REFER-
ENCE IN DECISION MAKING.
3. THE PROCESS IS FORMULATED
TO PRODUCE A LIMITED, WELL-
DEFINED PRODUCT IN A UNIQUE
WAY.
AS A GENERAL STATEMENT BY THE
AUTHOR, THE PRECEEDING EXER-
CISE IS BELIEVED TO HAVE BEEN
SUCCESSFUL. HOWEVER, IT IS JUST
AS CLEAR THAT ALTERATIONS AND
ADAPTATIONS MUST BE MADE IN THE
SEQUENCE OPERATION TO MEET
UNIQUE REQUIREMENTS OF THE
BUILDING PROGRAM. CONTINUING
EXPERIENCE WILL HAVE THE EFFECT
OF SHORTING THE SEQUENCE AND
THE TIME REQUIRED TO EXERCISE
THE SEQUENCE.
UNIQUE ADAPTATION WILL ALWAYS
BE THE FIRST STEP IN PREPARING
THE SEQUENCE FOR PROBLEM
APPLICATION.
CRITICAL PATH PROGRAMMING:
THE ADAPTATION OF SEQUENTIAL AC-
TIVITIES TO CRITICAL PATH PRO-
GRAMMING IS A CLEAR AND SIMPLE
ADAPTATION.. . THE PREREQUISITE
FACTOR IS TO KNOW THE SEQUENCE
81
AND THE PRIORITY OF ACTIVITIES
CRITICAL TO COMPLETE TFHE
SEQUENCE.
(SEE SEQUENCE FLOW DIAGRAM)
COMPUTER APPLICATIONS:
COMPUTER APPLICATIONS CAN BE
USED IN DOCUMENTATION OF DATA,
IN DIMENSIONAL SELECTIONS,
STRUCTURAL CALCULATIONS, SIZING
MECHANICAL ELEMENTS, DETER-
MINING LIGHTING LOADS AND PATTERNS,
APPLYING CODE RESTRICTIONS AND
TO PRODUCE IN DIAGRAM FORM THE
BUILDING FOOTPRINT AND TYPICAL
GENERALIZED BUILDING SECTIONS.
(SEE INDEX "C" FOR COMPUTER
PROGRAM)
COMPUTER APPLICATIONS SIMPLY
BECOME AN ACTIVITY IN A SEQUENCE
SUB-ROUTINE, AND ELIMINATE
TEDIOUS, REPETITIVE OPERATIONS
BY THE DESIGNER.
THE DESIGN SEQUENCE PROVIDES FOR
THE COORDINATION OF HUMAN EFFORT
AND MACHINE CALCULATIONS AND
PROVIDES IN A MANAGERIAL SENSE
A SIMULTANEOUS OVERVIEW OF PRO-
JECT MATURATION. (SEE LIBRARY
COPY OF."COMPUTER SUPPLEMENT
FOR INTEGRATED BUILDING SYSTEMS -
PROTOTYPE, 1968")
SEQUENTIALDSGNMTODAGM
1 :00:00 INFORMATION PHASVE AND CONCEPT
DERIVATION(S),
1 :01 :00 INFORMATION COLLECTION
1: 02:00 DESIGN P ROGRAM I NTER PR ETAT ION
1~ 03:00 DESIRED SOLUTION CHARACTERISTICS-
PEItFORIMANCE OBJECTIVES.
I:04:00 SYSTEM PARAMETERS - SYSTEMS
INTEFRGRATION , COMPFREH-ENSIVE BLDG.
SY*1SlTE M."S
1:05:00 COLLECT STATISTICAL DATA.
1:06:00 SYNTHESIS
CONCEPT (5) FORMULATION
CONCEPT (S) ARRAY
1:07:00 PRESENTATION OF CURRENT DATA
DOCUM-"ENTATION
:08:00 FEED BACK TO PHASE
ADJUSTMENT TO PHASE 2:00:00
CONCEPT(S) DEVELOPMENT
MATHMATICAL ANALYSIS
2: 05:00 STRUCTURAL ANALYSIS
2:04:00
2: 02:00
2:05:00
2:05:00
2: 06: 00
2:07:002: 0 7:0
PRODUCTION PROCESS ANALYSIS
FUNCTIONAL ANALYSIS- USER
REQUIREMENTS, PLANNING AND
CODE REQUIREMENTS
SYNTHESIS
CONCEPT SELECTION.
PRESENTATION OF CURRENT
DOCUM ENTAT ION
DATA.
FEEED BACK TO PHASE 2:00:00
ADJUSTMENT TO PHASE 3:00:00-
3: 00:00
3:01:00
3:03:00
3:05s:0o
304 :00
3:06:oo.
3:07:00
FINAL CONCEPT DEVELOPMENT
AND CO-ORDINATION.
DIMENSIONAL ADJUSTMENT
DEVELOPE DIMENSION ALTERNATIVES
DEVELOPE SYSTEM GEOMETRY
ALTERNATIVES.
DEVELOPE ADDITIONAL BLDG. SUB"
C01P0NENTS.
DEVELOPE SYSTEM
TECHNIQUES.-
P;I~E-SENTAT ION
CONSTRUCTIO0N
OF CURRENT.
DOCUMENTATION.
FEED BACK TO PHASE 3:00:00
ADJUSTMENT TO PHASE 4:00:00
B U ILD ING SYSTEM APPLICATION.
BUILDING SYSTEMS IVM1ARKET
A N A LYSIS.
BUILDING TYPE SELECTION
FUNCT IONAL REQUIREMIENTS
r- -n rl AlrmrNl
1: 00 :00
2:00:00
2: 01 :0o
4 :00: 00
4:01:00
4:01 :0o
4:03:00
METHOD DIAGRAMDESIGN
DESIGN-DEVELOPMENT WORKSHEETS
THE FOLLOWING WORKSHEETS ARE
TO DOCUMENT THE DESIGN-DEVELOP-
MENT EFFORT OF THE SUBJECT PRO-
JECT. THEY ARE PRESENTED IN
THEIR ORIGINAL FORM TO ILLUSTRATE
THE FORMAT AND THE LEVEL OF
GRAPHIC SOPHISTICATION NECESSARY
IN THIS STAGE OF THE PROJECT
EFFORT.
THE NUMERICAL HEADING IN THE
UPPER RIGHT HAND AREA OF THE
PAGE MAKES REFERENCE TO THE
ACTIVITY AS LISTED IN THE DESIGN-
DEVELOPMENT SEQUENCE OUTLINE.
THE WORKSHEETS DOCUMENT THE -
FOLLOWING DESIGN ACITVITIES:
1:00:00
INFORMATION PHASE AND CONCEPT(S)
DERIVATION
2:00:00
IMPLEMENTATION OF DESIGN-DEVELOP-
MENT CONCEPT(S) DEVELOPMENT
PROGRAM.
I)/~$z 3
kw &Md0 -Od . 3 It0 .
0 f~f& i =MM1{Wk {) 34A111~ PA
US t!32{4~A&~444t$AL~
N ,pM~t~C o~V'4~V~utf~c
HS l4l.f((,ll64~iv&3 r A
F1- tS 54itCM ~ {4 V~ l~~
VOL- A8-P-v 6 -I
/48L low
4 vl Tuk C
13$ - ( 1
VO xl t IiXYk
618
, 0
4sGK <X/f
48 IS fTh
6 4 s
r.~3
~UAA6V 4U)I1I1 '~V
G~vwM1rIG ~
= q8 Sj-'R.
g js. -=
NvOL,
ros~o
05L 0I15 )Yt
48 Bo 48 o
484 o .,1 33
Scowm Ct~c/t Ip uw CA u
0JM+3A3(=IL{5u^AW1,s1bi
hso / o Sri Lt A O er u j
* -It ~~ f8( it uw &3.
A&tos WI jd , 9'i0 D ( Vifh ${{Aas
NM3% MlwibtM [06dS
PV & Mi v)!pvmn oygo
A bM 1
fo O ,W E .vvoABA/y ! WOGU t W
x1 -4 C -X
LIKE
~Ii1
-4-
~ 0 0
dl ~
1311L131311
* C cw4~w kJ'1>A/~/Vit LVVV/'A.
/0 O C/ jr
V1A{,A/VV~iV,± L M ~ K]
C14'1~A/? (§1,) - ____-~ -
E:7' *~- ~' B* 4~Ay
,~ i~&K&~, ~6~-' Liv'
1,106 .
WG4Iwo ol OValtn {)6
1;05:t0
o1 ~
4-fEl
N~(2<)
p"
I-.-
V--J- i
40 Muv i 34 modu
t'.0 ~1, iM
R~ Itw" V2
pmG' Ml~uW~bfr ~v I
o Pf~ ~ ~~1tu~A Li~o&uVb
o4obt7l~ ~ / ~
u1 Ic
ow~iwI.
AThT
;'~;
Q
Lv
om pvvll%, l
I '~ o~; (4
~ ~aW#~ O PWIA,6'l74 N -
(O% o "o?
Z-1~
>1*1
o ( AVVAA ~7k(H V mA1~
maw~
9 ~4~14 MIS'A At -
i~O~:cxi,
_ ! ---L-- -b
A0 
-
__ 
_ 7N 9 -
~ / //<
_ 
_ 
_ 
_ 
_ 
_
tu~~~i/~' Xd1i,4/
~ / / /
/ \/A //
Nw, --
_ 
_ 
/
_ -. / / *\
'-~ fZ~b ~j~t~t~ 4 -5l ~ //
50/
CPO 
~> / /j4
_ _ 
\,
_ 0
no'
i~o5;o~
/
Z~&iJiAz~______ / $PJ1/1 w~ ~c~\WA'~cW\
_ 
_ /7
~1 tA~A I~L / ~ N,
ThOi'i 6 ~&~. < \</.\ /
\ /\...( <, V
N 
./,' 1~'
,~< \// /f~U2AP~. '~'~'(~O't~O~1?L~, 47< ~/ / / 7 /
A "
/ 'N /7'N,/~, ~' /
___ 
- ~ / / / / h.
/ '>
~f~- M~4wi~.
/ / -
N" <'<7 / «A '~"
>~ N >NK<' 'N 'N / / / 7<
// K 'N 
~'\ N
0
"N
/ / N
'N23S / / N'< 'N / "
N','
_________ >K~' >,' '~,i>N~' / N"45 'N'/'> 
' ' 'N
N' ~' ' N
50 'N'< ,' 'N' < N 'N
'N N'.SS N ."/ 
~' N' 'N,
N' 7> /
<N N'
'<N / ' '. N&~C) >,
-' N' 'N'
* / N 'N, N'
W N
7 / N"
'N,
-75
</7
y N' <' N
9-
--- ''~N' N
"N N' N'
K
I t;O
~TwLmI V 1q
('.VC& 6rvi M X)l
&V'-''J~ V~.'J~1c-t d
a 71-1-
* 4/16j (~,1r1~~ p/f (, ~ ~ r
Tb IAJvAt
OT Syt
ApAud Gorm
Tel1etA Co1mpo* ga
fe S4GppQ Ma A Ct&A
Twlt/o dLula / iiiwfo#3
91 0
4rD 1 c W~4C 4 GV
luWom/VWLA hII
D~ ~ i ~ A A f C CW A vh : t J ,rC~intIV
dwcvivCd1t ul3,-
Twol% i ( Impmlt qX6
[ :0 0'
~t4A'& b&1~
/3
-L.
R
p
m
7 LL1t
~t§5~~ k
tt%~&
____ 
'&4
1&
\\\\
\ 
-
kid -
-
-
-
-
7-
 
-
I:
I,
/ 
/7
'
i;OE;orL
~V'i b-~ c1K3(pc4/i%4 q~~A6 ~w~b~ S
fc~k~k ~41q~t~1 A C~4A~c3
W\ ~W1~1~iV
AIA4
AA~t~3~/i4~ 1~4~iqTh
_~~<1-
N.
'-7-
V,7,
${1 41
.v (Iiii .
I V= 5 LS
543
Nta I ( 3q1UAI.RS
V =:- , Ls
Sao
Or a4.vb5
513
0..= f r -- T5,q- -1 E5,Los
'A -- r->,? I Y
M I
ti
I-
1OlP
I -
I I ~ I !If
I j -~00
MA'jp1KA D
D~A~~s -~w'ws00AY 1914
Ns
S~o. IA 'Z8 S1 U444+
i&xlt' inn-
VcL. I(~?XV2,X3~2~
(~~t44-
H 14 1 9 !i4
Ao,-. I4$14
VO t- IC AI1v
=31Si7
- go'
(P144
fI:.sI Os ~38
yo.DZ hp 'S
Vol
CMSL 4-
Is~ S q
I *" 4 = 18 1 F .z b 1 5 = 5kp "ka-
t+4
C- 9
= Sax 1q- 404
As ..I&x 11b = 11 /1
( 9 Y0 X I LO 21-3s +VO L,
(~Utii4Gt
?~' \
,I t,/V4'i(Q X?(
aq'/ L 6i1 vAI3Pv dfk4§io
4r.o~ :O'~
0
01""m1U 9 of a li us
MctIM
MV cw g rMv
~JThAjv~w&'h(~l vt~w~hs'v~
1 q '0 VAI 1,IA"AO
ThwCPA54 4/1'' -voyl'vwa
I ~AA1~4A/1~t vki 3
0
(044 L~ta~ r6 9-
~44t&If
Th;11
VA
Of jwmt" w
Ngw
-CA w:i-~~~~~kA~$t1
coa1iAp~A~wx
~V1Ot ;o~
of 1~2&~VIV4~ 1AO~ttJt%
Cz4\
IO~wwvtAi{i& I~Mt~sjs
.. ...... .
W l*tS41oWht IM&MtS
CD ~,1 ~ I 0,41 ~'l ~i ~'&Y5 ~'&1i (Qt1 p0 £'VdS
kAim
In6V50pims
ersnatd
ChviT wA&1 uvt w
WdaC /N(leis
dia3 st( (l d s
'l~OL~o1. -
DL~Th~A~A'~ ~J2V~.S
1}~.
Ig4'vt dv~q (9W~'1
kA4~f~WO~
'1'tO(kl
~{A/l61 ~ r~Th 9~4~j
subts W& vvasl Askmw
qo wi4rj
111XIII01
GW Pya wr - lAwW CVOOMOV
disj4ahom tomN --- -
-tk:Conl0+A&1W1
Two1 ;oI 1IlZ wa x 11VV t(1 i cm.I~M1~3 Ai
ioi ;OI
1v i 0 (v qA 4 Mtrc.
I El
*1
o t; C
o~1~{v~u~ opAi~4~
t01ot
tmo~- qwmilA1
~2-'~Of;oi
CO!4i~1~4JQ44 Q%{{tidl
sswWWAq wr IPOW~
&tlr d 0'U
IA~1~s
qWL44'~/ C1J{h~( ~
'210
B
86
0
~s'&~Nw~ JL5kVlbtdioVi Cotv~xwlT1,d3
At I
I
;OI C~wApo~4~ ~vf~LA~%~
vlfjvv
kviAll
-SVIO"V46t ftliq8ulds
mo UA A- o -clv m f 10/0
(a~~~3~~4~tld~{~l 44~c
II .1
/
tI
A,
-- 7--- x
p.-
--V
______ 
I
---I
________ 
I ___
TUG
Af:: divow.
AF:-~ 4~av 8UV
hp~
VIA.
PF~~'~ IWAAWIA
3
p4
14
qit4 fw[ )
AI l6
I ,? -1
.o
libLAltw, ," I1A. -- ,j
lM . [ JD V 4-i FDo i'1 - Hi-
RIUM T\&~4 t, t
A 1
kTiffk takoll
T122-'
=:o6..- rI40P ;(0O0'
401
ma.T~
~:. P : FfYWD
-- C0
'~Q~-~ Th&
m 40
I- T T, TT
I- c - S ci
* y
I ' N
3 s 5Tr
4h4
14-
C .CIUMO f68 (1,-
rJ
A~
~
It'
______________ I
H
p
-- ____ I ~ - _
-~ 
-0__
4-> ii
4
j ', ~ to
I, I I
~
-4--
]
'I0m
*-p
- 9I- C
___ 
___ -- 1-_
%"b~~
40 Jt___ __
RA-
P .
Ri
Ly 'vy
1/A P1N -?
"/I -olH 6'
I
;G1 t
J.
wd'h vviaYm1(A4~
/ISILAI
63iA t mz ~v - 1~OWt'4
-4
.- IA CrAc-w~vi~ Qwr
0 EI~i btIv /c~ OQ~i~, 44~±'&+4~±v'~ f>1f~
CCA
( fj mljm "6 6 1 /o, 
- fo
FT 17
4--J
TO
Tot-m mlulvvl k /a ,
M 3 / t ;v A Iz
c6l/t MIC/ I ljvbl ll
q b Awlw6q --
uno
4-1
qwvo
3 , 
L-fnl !71 0So
A~, C~N&
I-
, at( F-f6 A~jS XK
-- jo% ,I
(I
/~:D14ct
cvviB4~2t~ &{ 6fronv~4t;io ~
100 tlo (o L
mO m peor
EVA: I 3pll ltv~t VI( 7
rmopos ,
\o 1r~K.. his$p1A ( t AC ~~44
(&f2444 pvg' biUV/i (Mt&
rot
y~c f
III
i '9w o
'4M
I I
f K4 i wvt3 V'rG{416
-~~~ vt q dl C4i~'i V
-2o
8 V
a
2+-
0
j 164S t 1A10 9\Ar
(~, , 5 V 20i bA'f 14f\~oc&& VW14AAt
@b @q7 s~~1
A
AL
4 --
A 0
--
40A= 9i / A, 1
4 Bo + o 4J
+
Ass So
&T -IV- We'i __
F -~
t:~IzI7
OL @s/
I3I5
So
/
~1
I-
__Z I-N I ~---V
{o.
VjA A
-: /ll%
FAkt~~v~ WM INH 1v
K+W fDRowk qAIt vv 1.~
U2IVIIN0/1"e5 l,
A~~~~~~~~ -2. -0!; viOol./0 cmI.NC
- V i
f10,5
vL I
Vo &m .(:18ot +ft3
~'
~wQ4 ~4 buth'9Poi, Alh
J&,'o
.. : 7
.5
I-
*
s.s~ o
'rD ODIS = llYIG
b --> 103o
3~o/4 .471c20,4iu Lj4
9 4l
1~
'U
/
L
0
'7','>
/77 \
f~~\\
Q~W
*'i \ V
I!/~, \
-'I'
-A)
1,105"05
1-
.1.gIc~,
j;i-V5
S
* g~ r~ (VII
A3j~'~d
4-~O~l~.Ci
!%~'Ai .tTh~~h'Ibt1t-hQHS .~&)44~z'w vv~imji'iA-. -
L&A~?A- I &CU~41UIl'~4h~yw c~4
I0 DoA?-s
&tr6IC~~1A IoS 4cal/~
fLim. IAt4 1 4-ocJ.f~~cqc V /1d~
I ~ ~ O lA1 r~t x-i&&!
5? a)C -Fpt.Y
§xi%0C4b
xNA13 Sc 'ec0
Qt W6 ~
VA cocv"pip a IUDoc
f k(c -6pV1j j goo
ts~ '11 0~Un-b
* P(Vt6j54. '3,4~?I& jW'41VJ SlA
~Uk~ilno
btMA Lo 6a
R.A z2 40
N A zI6 .cc) £ -VV~O{vil
j3~5
fOIA '2C LoraVJ 
-~ C{W
OwlA'
CbVA
COc - Vy11 ---
UThQ -~1pVV~
~
I ~2LOf~c~v'i
~)ocipwl
'qjI
QAl3O
ff\A(~
o
'2-i1GO Cfm n'1-)Iloo
~~C 'OCVAI - 0 0
0 l ,
RAl-4o0c'C{t01 9 ~~pv
f \coO-
o '
jb cI
0l l
I
','t 12-
r
ioo spam
5o' Sp 4 ,
I ~ 1/fl Y.L/
(j~Q 1N
~40
1l /m 0V\( I .)
Ofhk'W&11,4 p r6bH KM06%
T tiC It// ir l 44 V/1 "! tM poi0k(-
0 lbo 3' O 1C 0 C
1% 6003 ~ '8o G0  f-LOo O ( f)
S vvvia" ~ v
Ol~t 1/iO W
L/w~h/t L,. ~lW
Yjpo Qo <b')
~30
IL q) rL " L) I
al IA ( O Illv 'klovml 5 fw lurl
- ---------- 7 --
K I~W iIDOQ
~ooo C-sn - C~P%~AA
P=cO C-vIA
jLi 4 0r-
~ loo ~w
I'.ofpmA
t/1 i'c ~ AAA rtUoU~A ~Ibbl
't: o2; ol
No~Iki~~ypj~( Dpv~%1b11 Y1~& tG&~
RA= 5tOO&CM'0-P
t~:~o ~'8oCI
VA= woo fp - ,P
RA= (voo
&
100'
VA::io C4v 11Iw-f pvvq
U~40'
D A VIMOOCV1 ,
T2h.v-&/I dtis-fnb&64A M- Ioio V~(cui t10-1cU~
'I
N<--,- \ /
N
>1
I
/
'7
'A, N -
Vto 2 1
Ai~P~ii~UU7'261 C)
3~V14
CA ;S 7, 10,J(C{ 4~
Wvv r 'i3dtve
ereL- 4 PL
( ,S 4- r5 0 " /6
( m, , +54
-2'Ito~ 00
~PA/lq_$I9~4+AA/l/~Vl,1c~4U11g 
~1A~v A~1C41S
fuo. b~ 46w3 >,v~c~ ~,4/z'u~, ~QA~ {,vbl~ u'34o~v.~
AI4 U114
F~1 
~1~
*K1 !tt81E1113
I t~o
S _ sulI]
~~~1
9 1(oe~j
10 t~1Ii(
I]
El] F-E i4
~l4. 
- fl4. j~2to$
~ L131] 105
'1q jpo t~1
~- ~oo$
'V
AS
~~4-A
co Sov .
me~hA. 1'1va4 .
6 1A .
'01wvmm rn0 \v
flwrit *d4 Afv'-Co
VTc4, Sum4.
Wf1' t (1 f/d4 co.
~&~o1. A
lrvvv ~-iA)M ~!AT~A U~4AA1fV
&KJI,14&QJI ~(4~4AA~.
2 A ~ ~4-~vt [f Y~
3 Q~(D~Ik £A~\ ~d cc
1 0 0a (ow An&Ut& Av [AVr3
8 Fav~ CiA 'i~t pv~taw k~-i AV
C1 ~c~49j~4DS VIAII,
(0 "4, 6~4ut( bJ~
i "~j~ 'J3Lk~t#
UwAjDHt IAwA1
AVJ
7
QCWPI " VO 1 W41 I&' .
( 4,j W;ppk +m4t6
0
64 aUad Jc-51q0 3,14J" UIAMICAI
At"Arts 01 ltt
- ----- ----- -M-- --'--i --- - -
WVA,
%% >- 'I '
S3
~A w s44 (~ ~ ~1~M 
e a A pp v aw w oW
m4A~Ab 
~c A~
C4o4- la4c g
7Vo ~M i4i
usys~a o ewf l
i V40 Lo
41c 0 d2 40 '65 so L ~ l2. - 2
'It 44.- 3I j )
-741
I~- 1 -5
r d too Moo
1s s
dix; o I
3pc 00l4
A Cf, () Iy
I~V4'&OOO leADO 4'z.c
1- 4,0 -- -so fpv_
____~~N ___4 SOLs -- _
___-4
~'isov MY!I4A
_ _ 
0.po _ _ _ _ _y
tI1M -) Pk -
-P t )'.f ,
'DSLA-'b I
24Ub -*Ikli t_
CS____ ~- o.q (3) .1-0
Jv J'o at 1 4 -0(- !
vill~ Lollv l 04___Q)
___ --- 
- _ '/b 3, :2- i () a, -0. (3) -
f (Ai O2-~ () 7~~
u~pi \' ~Od i l vt~ _
#2 '&~4
Lt&1 (0-8 X, -0riti
Ar ,ta wc v# l~
e 01#Mahrn1 OdrU~
V91yA'
k~3tu4i4 oCAf d octbl/4
p1~ 1dc~641~f~ 2 cbAcA~S
-,P4
~x221'ch8. ~A- '2'~oo 6~v~
3~'h1PI~ 674-. I~WocFVv~
/?2 3"d J 1 4-8Do CftV\
, , i I I J [a ol t I lzco C f -Ill
p.-
~0y4~~:t p (
/
,~ ~:
////
/
\ \ II /
-- --- ------


I!I




\
\
I'M ip"I -'TR"Mlqrp '. -, I .I -111 --'. I -1-1 ; ., -1.1 -1-,,. 1 I I I .
.f I


RMF-77-
irir
-- ~Laa~JL~aJ~M -
~,a. - U I
T -T-7
11
- ....

IC
-

.1
m=~~~===~ -==~===-.--
.~ I __ __ __ __ __ __
- - I ____________ ____________ _________ ____________ ___________ ___________
____ = = - ______
-- ___ I ___ ___ -~ ____
1-*
__ ___ ___ I __ ___ ___ __ __ __ - ___
1
I I
IxX-W XIXX /XX xxxxxl
X. x xxx xxxxxx
ANXX VY\
xxv xx x
x xxx xx &IXIXX
,X, xxxxx
/ Xxx X/Noxxxxx/ 
-
x X-Xxxxxx
/ \ /I-
lxxx
RXX E711XXRxxxl
xx xxxxxxx
xx XXXXXXXI
xxv- xxxxx x
I\XXX A\X x
xxxx
A JR,
/ V I! v
N A A / \j j
I NA /N
\ /N /N /N /N /1\ / 1\/Ll
6'
LJIAFT'5
4:
S
D
~1I~
I. tlttv.4!j iV
T V-I
i4
OT
10
14-
152'
-2.!
Ki L,
* I cl
p
44:2-
4Q4~5
1S.
is
jC~
iI&
,( F
L~.
I -~
II
1 ~k' ~
I I I
I- I-1
-li
el2.
114
